Time series of commodity prices from multiple locations can behave as if responding to forces of spatial arbitrage. cvcn while such prices may instead be responding similarly to common factors aside from spatial arbitrage. Hence. while the Law of One Price may hold as a statistical concept, its acceptance is not sufficient to conclude market integration. We tested the factors hypothesized as linked to integration of forest products markets by applying a combination of &variate and multivariate techniques.
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gion-specific, modeling the effects of broad market variables on subcomponents within the region, or spatially linked regional models. Region-specific models include the SubregionalTimber Supply Model, SRTS (Abt et al. 2000) , which is used to prqject timber supply and demand conditions within the U. S. South. Spatially linked models include the Timber Assessment Market Model, TAMM (Adams and Haynes 1980) , which in updated form has been used in successive Resource Planning Act-mandated projections of U. S. national supply and demand conditions for specific regions in the U. S. Another is the Global Trade Model (Dykstra and Kallio 1987) , used to model world forest product markets.
A common assumption of forest sector projection models, aside from perfect competition in timber markets, is that all points of production and consumption of the same product are parts of the same market within a region modeled, implying both efficient intra-regional market shock transmission as well as the existence of a single price -i. c., the applicability of the Law of One Price (LOP). However, if markets do not transmit shocks, then prices in one part of the producing market do not respond to price fluctuations in other parts, failing the conditions needed for market integration (Ravallion 1986 ). In the absence of price shock transmission, sub-optimal marketing and production decisions and wealth transfers can result.
Empirical support for integration of forest product markets is limited. In the lowest stages of forest product output, the results are negative. Nagubadi et al. (2001) have shown that the single market assumption, which they measured with cointegration of multiple series of hardwood stumpage prices, did not apply to southern U. S. hardwood stumpage markets. Prestemon and Holmes (2000) conducted market shock price imprint tests that suggested southern pine stumpage markets are not integrated; bivariate cointegration tests of prices did not support the Southwide applicability of the LOP Studies of price behavior in markets of forest products in higher stages of production have been used to evaluate both the LOP and, it is sometimes claimed, market integration. Most of these studies supported the LOP Examples include the causality tests of Uri and Boyd (1990) and the cointegration testing of many others: Jung and Doroodian (1994) and Murray and Wear's (1998) examinations of U.S. softwood lumber markets, Buongiorno and Uusivuori's (1992) evaluation of U. S. pulp and paper exports, Alavalapati et al.3 (1997) study of Canada's pulpwood market, Hanninen et al.3 (1997) analysis of newsprint price behavior in northern Europe and Canada, and Toppinen and Toivonen's (1998) examination of the Finnish pulpwood market.
Cointegration testing has been applied in many of the aforementioned studies and in other commodity markets (e. g., Ardeni 1989; Baffes 1991) as the means for evaluating whether the LOP holds, but cointegration test results often provide limited information about the mechanisms of market integration. McNew and Fackler (1997) , who distinguish between market efficiency (as embodied by the LOP) and market integration (as embodied by local market shock transmission), consistent with Ravallion (1986) , suggested that cointegration can occur even in the absence of direct spatial arbitrage in markets for products within one stage of processing -for example, through market integration in spatially distributed higher stages of production. Consistent with that idea, Prestemon and Holmes (2000) suggested that it was the integration of markets in higher stages of wood processing that helped explain the results of cointegration in pulpwood stumpage market prices, where cointegration did not seem to be related to distance.
Nevertheless, the possibilities remain that the LOP as measured by cointegration testing can hold even when markets are not integrated, and integration can occur when price behavior tests such as cointegration indicate that the LOP does not hold (Soderlind and Vredin 1996; McNew and Fackler 1997; Phillips 1998) . These facts make interpretation of cointegration test results problematic. McNew and Fackler (1997) state and show how integrated markets can have price series that fail cointegration tests for a variety of other reasons. For example, cointegration tests can provide the wrong answer if the analyst does not account for needed trends in relationships between price series or inserts trend variables when trends actually do not exist. Similar cointegration testing mistakes can be made when considering log-transforming data, accounting for inflation, addressing subtle product quality differences, and accounting for possible market structural changes. Finally, the presence of transaction costs for product movements,often not observed by the analyst but which can vary independently from product prices over time, can lead to incorrect conclusions about market integration (Barrett, 1996) . Incorrectly accounting for the effects of variable transaction or product transfer costs can lead to incorrect inferences (Baulch 1997; Murray and Wear 1998) .
Our central goal is to better understand southern pine log market integration. Mitigating some of the possible pitfalls in LOP and market integration testing in our examination of the structure of southern pine log markets, we combine both price cointegration tests and an approach to evaluate whether incomplete market integration can explain these results. To accomplish this, we adapt the techniques of Goodwin and Schroeder (1991) , who bridged the gap between the LOP and market integration by explaining the results of cointegration tests using auxiliary regressions. In empirical testing, if cointcgration of prices can be tied statistically to variables directly related to product movement, then cointegration of prices may in fact be consistent with market integration because product movement or the threat of profitable product movement is required for shock transmission in the form of price adjustments (Takayama and Judge 1964) . If other variables -perhaps variables linked to output markets or common policy shocks-are statistically related to cointegration, then the results of Prestemon and Holmes (2000) and the critiques of Soderlind and Vredin (1996) , McNew and Fackler (1997), and Phillips (1998) would be more strongly supported.The scope of our analysis is Southwide, using information from price series generated by the log sale activities at mills in geographically small southern pine sawlog and pulpwood regions. Results show that the LOP seems to fail and that Southwide southern pine log markets are not well integrated.The lack of integration may be caused by the high relative expense of spatial arbitrage. OUI findings are synthesized to delineate regional sub-markets, within which both the LOP and possibly "sub-market integration" may be comfortably assumed to exist.
Methods
Our choice of cointegration test is the two-step estimator of Engle and Grange1 (1987), testing for stationarity of the residuals of linear regressions of one price on another, which, we explain later, are the most appropriate tests for this analysis. Because alternative specifications of cointegrating relations often return divergent results for the same price series, WC apply a heuristic approach to identifying the appropriate specification of the cointegrating regression. The bivariate price regressions of the OLS two-step approach use alternative specifications of the cointegrating relation, including testing for whether the cointegrating relation should include a policy shift variable, with or without inflation removed, and with or without prices transformed by the natural logarithm. Each cointegrating relation specification for each price pair returns a p-value representing the probability that the two series are cointegrated in the manner supposed by the specified relation. The set of p-values generated from tests of cointegration for each specification of the cointcgrating relation are then used in meta-analytic regressions of cointegration test results on hypothesized explanatory variables.
Meta-analysis, a statistical technique for synthesizing diverse results from different studies of the same response variable (Hedges and Olkin 1985) , is the means by which we evaluate whether arbitrage or other variables are linked to the probability that two variables possess a linear cointegrating relation. Many applications of meta-analysis have involved the health sciences, but the approach also is applied in economics (e. g., Smith and Kaoru 1990 , Goodwin and Schroeder 1991 , Espey 1998 , Stanley 1998 ). The idea is straightforward. An analyst may have findings from several studies about the estimated size of a particular parameter or variable, a "response variable," but recognize that the findings were generated by studies with a diverse set of testing conditions or modeling assumptions. Meta-analytic techniques can tease out the individual effects of these alternative test conditions or assumptions on the estimate of the response variable. A quantitative approach to identifying their effects is by estimating an equation, Yj =,f(SJl;) + fi, where Y, is the response variable of interest for study i, S; is a vector of the characteristics of sample i from which the statistic was generated, and Mj are the modeling assumptions of study i. The exact functional form depends on the specific application.
Cointegration
Economic theory often suggests that underlying forces unify a pair of economic variables (Engle and Granger 1987) . The influence of arbitrage on prices of simi-Market structure in U. 5. southern pine roundwood 101 lar commodities in spatially separated markets is cited as the primary mechanism for price unification (Ardeni 1989; Goodwin and Schroeder 1991) . Here, the competitive actions of profit-seeking individuals link regional markets. The purchase of commodities in lower-priced markets combined with their subsequent transportation to and resale in higher-priced markets results in profit for commodity arbitrageurs (Samuelson 1952; Takayama and Judge 1964) . Competition among arbitrageurs quickly eliminates excess profits arising from such activities. Thus, economic theory predicts an equilibrium relationship such that price differentials between two markets are no greater than the sum of transportation costs, transaction costs, and some nonnegative profit. The existence of intermediate markets implies reduced transportation costs and subsequently finer price differentials (Mulligan and Fik 1989) .
If arbitrage is the mechanism by which prices for identical products in two spatially diverse regions are unified and market shocks in one part of the region necessarily are transmitted to other parts of the region, then we can say that the LOP applies to the two regions and that the two are integrated into one market. When arbitrage keeps these prices together, price differences just offset transfer (transportation plus sale transaction) costs. If the price in region His PH and in region L is PL, then their difference in period t is Pt' -P,L = TfNL. Here, efficiently linked regions mean that the price difference, T,'lL, is identical to transfer costs. Thus, some of region L's excess supply at PL will be shipped to region H and sold at price PH. Product movement occurs until the price difference between the two regions is no more than the cost of transfer ( T"L).
Cointegration provides a means to test for price linkages. If two prices are stationary, then one price can always be expressed as a linear combination of the other, and the LOP must be evaluated through means such as a vector autoregression in differences. If two prices are nonstationary, of the same order of integration, and their linear combination is stationary, then these series possess a cointegrating relation. Consider a vector of Z(1) variables xt. If there exists a vector p that, when multiplied times x,, creates another series pI that is Z(O), then the elements of xt are cointegrated with a cointegrating relation l3:
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A simple cointegrated bivariate system can be expressed as
PI
Here, 1~ and u,( are uncorrelated white noise and X, is a random walk. From here on, we confine our discussion to the bivariate case of cointegration. Following Engle and Granger (1987) , testing for cointegration in the hivariate case involves a set of univariate tests on each variable and then two OLS regressions. The univariate test is to evaluate whether two series are integrated of the same order. A common test is the augmented Dickey-Fuller test Fuller 1979, Said and Dickey 1984) . In this research, we employed the weighted symmetric test for stationarity (Pantula et al. 1994) because it is more powerful than the unit root test developed by Dickey and Fuller (1979) . Next, Engle and Granger (1987) outline two OLS regressions (hence, their "two-step" title to the approach):
-Step 1: Estimate a hypothesized cointegrating relation by regressing one variable on the other, under some assumed form of the relation. -Step 2: Retain the residuals from the first regression and test them for nonstationarity.
Critical values for nonstationarity exist for augmented Dickey-Fuller regressions from the response surface of critical values derived by MacKinnon (1991) . When testing for cointegration using the OLS method, the resultant test statistic typically depends upon which price series is chosen as the independent variable and which series is the dependent variable. Johansen and Juselius (1990) and Johansen (1991) suggest avoiding this difficulty by employing maximum likelihood in an error correction model (MLECM), to force price relationship symmetry. Although the MLECM method is generally considered the "state of the art" technique for evaluating cointegration, it is not without limitations. In particular for this research, the MLECM approach would limit rather than strengthen our analysis.
The primary reason for not employing MLECM in this analysis is that the wellknown asymmetry of the results obtained from the alternate selection of which variable is in the "dependent" position in two-step tests is desirable. Specification asymmetry means that employing the two-step test in place of the FIML test allows us to test for the influence of factors unique to each market on cointegration test results. As the MLECM test forces the same result for each specification, employing this test would weaken the meta-analysis in two important ways. First, the MLECM specification does not recognize "home" and "away" markets. Thus, a meta-analysis employing MLECM cointegration results could not evaluate the influence of volume and concentration in "home" and "away" markets. Further, allowing for the possibility that one series appears differently integrated with another provides us with an opportunity to determine why OLS cointegration tests might give divergent results depending on which variable is in the dependent position and which one is in the independent position in the regression. Second, the assumption of price relationship symmetry means that employing the MLECM test halves the number of cointegration results available for analysis.
We also considered the additional power that is supposed to be provided by the MLECM test. Recent evidence, based on simulations, suggests that the MLECM test provides only marginally greater testing power and accuracy of cointegrating parameters over the OLS approach (Gonzalo 1994) . Further, the consequences of under-parameterization for MLECM may be as deleterious as they are for under-parameterizing the nonstationarity test of the second step of the two-step approach. Arbitrarily truncating the number of lagged difference terms in the vector autoregression component of the MLECM -whose inclusion helps to reduce bias -may result in incorrect inference more often than in the OLS approach. Additionally, the higher number of parameters sometimes included in the MLECM approach can weaken statistical inference, raising the probability of type-1 errors regarding the null of no cointegration.
We chose cointegrating relation specifications in order to evaluate whether the results of cointegration were sensitive to policies, inflation, and data transformation. The policies that we tested were associated with the reductions in timber harvest on federal lands, which took effect in 1988 and continue to the present (Murray and Wear 1998) . This policy affected tests of cointegration in the Murray and Wear (1998) study and was included in analyses by Prestemon and Holmes (2000) and Guan and Munn (2000) . Alternative specifications of the OLS cointegration equations therefore include and exclude a dummy variable that is zero before 1988, one after that.
Schnute (1987) warns that imposing a filtering process such as deflating prices can result in spurious patterns and spuriously significant relationships among variablcs. Believing that not removing inflation from prices carries its own risks of spurious findings of cointegration, alternative specifications of the cointegration equation alternately deflate and do not deflate the price variables in the bivariate cointegration tests using the producer price index (PPI) for all commodities.
Finally, analyses in economics often have shown that prices are distributed lognormally, rather than normally in untransformed form. Heteroscedasticity, especially arising from inflation, can be limited by transforming prices. In our analysis, alternative specifications of cointegrating relations express variables in logged and unlogged forms. Logarithmic transformation also removes the wedge effect of inflation on nominal prices, which would tend to drive the prices progressively further apart in the long run.
In total, then, there are 8 different specifications of cointegrating relations for prices from 21 local markets. Each cointegrating relation specification includes an intercept. In the augmented Dickey-Fuller test equations of the residual series deriving from the estimating of each cointegrating relation, the number of lagged difference terms included was that which minimized the Akaike Information Criterion, a model selection procedure recommended by Hall (1994) . Because regressions are done with prices in both the "dependent" and the "independent" sides of OLS regressions, we have 21 x 20 = 420 observations in each metaregression in the meta-analysis stage of our study.
Meta-analysis of cointegration test statistics
Meta-analytic regressions are used in our research to find evidence supporting one or more cointegrating relation specifications and to identify the reasons why M. F. Bingham et al. two prices may or may not be cointegrated. If the explanatory variables in the meta-regressions, which in our case are static economic variables describing the markets whose prices are being compared, affect the probability of cointegration in the manner hypothesized a priori, then the original cointegrating relation applied in the Engle-Granger cointegration tests would appear favored. In a similar vein, if a particular cointegrating relation specification yields statistics that arc unrelated or related to the static economic variables in ways not expected from theory, it is more likely that the p-values did not arise from the "correct" cointegrating relation specification. If p-values from cointegration tests on all of the most plausible cointegrating relations specified fail to support cointegration, then the approach would have largely failed to accept or reject concepts of the LOP or market integration. Thus, this approach provides guidance in selecting the appropriate cointegrating relation, and the best-fitting m&a-analytic regression would appear to be the one that best describes the structure behind interregional market-price dynamics.
Identification of the set of plausible cointegrating relations applicable to southern pine log prices in the South was based on the concept of market integration, economic theory, and empirical evidence of other research. Market shock transmission may be limited by the cost of spatial arbitrage (Takayama and Judge 1964, Mulligan and Fik 1989) . Not possessing exact information on the cost of transfer of product between two production/consumption points (regions) and given the concept of spatial arbitrage, distance between two regions should be negatively related to the probability of price cointegration. Faminow and Benson (1990) also suggest the potential existence of basing-point pricing systems, whereby prices from two or more regions are linked because of collusive behavior of producers. Hence, with high concentration of production in the home region, it would be more probable in cases of incomplete support for the LOP through cointegration that a comparison region's prices maintain a stable relationship with that home region. Lang and Rosa (1981) and Buccola (1985) have hypothesized that localities with greater economic activity (i. e., more transactions) have more efficient price-generating mechanisms because information about prices is more freyuently observed and readily available. But according to Tomek (1980) regions with low production volumes may exhibit price swings not in line with other regions. Such low volume regions might also exhibit large, nonstationary shocks because of the start-up or shutdown of individual production facilities, meaning a permanent departure from past relationships between prices from other regions. Hence, the volume of production in the home region should be positively related with the probability of finding a significant cointegrating relationship with other, spatially separated regions. But as Goodwin and Schroeder (1991) found for regional cattle markets, the volume relationship is not clear. We would, therefore, have no a priori expectation of the direction of influence of market concentration on the probability of cointegration.
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The basic form of the m&a-regression estimated here is: + cl DIS7", , , + c2VOLy + c, VOL, + c&ONC, + qCONC, , + z+ [3] Where COZN-r,, = the p-values arising from the augmented Dickey-Fuller tests of stationarity of residuals of the hypothesized cointegration equation, arising from the OLS regression of y, on X, DISK,., = the distance, in miles, between market centers of y, and X, VOL, = average volume from region y VOL., = average volume from region x CONC, = number of mills in region y CONC,r = number of mills in region x
The meta-analytic regressions are estimated using minimum chi-squared econometric techniques. Minimum chi-squared regression is a form of weighted ordinary least squares, which recognizes that the dependent variable is a probability.
Data
The source of southern pine sawlog and pulpwood log price data were the nominal quarterly price series of delivered southern pine sawlogs and pulpwood logs corresponding to 21 of the price regions (with long enough series to permit analysis) of Timber Mart-South (TMS) (Norris Foundation 1977 -1999 . These data spanned the period from the first quarter of 1977 to the fourth quarter of 1998, resulting in 88 observations per series.TMS presently reports price data for 2 price regions per state, and our 21 series corresponded to the price regions of 11 states (excluding 1 price region in Arkansas and both in Oklahoma and Kentucky). But TMS's price regions and the temporal frequency of reports have changed over time. Before 1992, there were sometimes three regions per state. To correct this spatial inconsistency, we employed the conversion procedure recommended by Prestemon and Pye (2000) . Before 1988, prices were reported monthly for each price region. To address this temporal inconsistency in our data, we adopted the recommendations of Haight and Holmes (1991) in our case taking middle-month sample by quarter from monthly series for 1977-1987. For the meta-analysis, distance between markets was measured from the geographic center of each TMS region using PCMiler", a software program commonly used by trucking companies for routing trips.Timber output and mill count data, used to calculate an industrial concentration index for each price region, were obtained from a variety of sources. Data for Texas and Louisiana on timber removals (sawtimber and pulpwood), our chosen index of market activity. and mills by region were obtained by special request from the Forest Inventory and Analysis unit of the United States Department of Agriculture-Forest Service, Asheville, North Carolina. The same variables were obtained for the remaining states in our study from reports by Howell and Levins (1998) , Johnson et al. (1997a-f) , Stratton and Wright (1998) and Stratton et al. (1998) .
Empirical Results
Unit root tests on southern pine pulpwood and sawlog price series from the 21 TMS regions analyzed using techniques of Pantula et al. (1994) verified that each price series for each product is nonstationary. A table of these results is available from the authors. Nonstationary price behavior could not be rejected for any series, regardless of whether series were transformed by the natural logarithm or deflated, and regardless of whether a structural change variable corresponding with the Pacific Northwest harvesting restrictions was included in the regression. Confirmation of nonstationary price behavior permitted further analysis of price links using cointegration techniques.
Results of the two-step OLS cointegration tests are reported in Table 1 (delivered southern pine sawlogs) andTable 2 (delivered southern pine pulpwood). Results are presented for only the specification in which nominal prices were transformed by the natural logarithm and no structural change variable associated with the Pacific Northwest set-asides was included. Values in the tables are the p-values of cointegration. The smaller the value, the greater the likelihood that the residual series in the second stage of the two-step procedure (the augmented Dickey-Fuller tests of residuals) was stationary.
Both of these tables support the notion that the LOP does not hold from one end of the southern pine log market to the other within either product category. In Table 1 , sawlog prices are cointegrated at 5 % significance in about one-third of price pairs. At 10 % significance, the proportion increases to about 42 %. For pulpwood, the proportion of price pairs with statistically significant cointegration at 5 % significance was about 18 %; with significance set at the weaker threshold of 10 % significance, only in 28 % of the price pairs could the null of no cointegration be rejected. Clearly, if cointegration tests were used as the criteria for determining whether the LOP holds in the South, then our results would suggest that it does not.
Meta-analysis of cointegration test result
Delivered southern pine sawlogs: The results from minimum chi-squared regressions of sawlog price cointegration p-values are shown in Table 3 .The results from the meta-analysis show that economic considerations are statistically related to whether or not markets are cointegrated. In most cases, the parameter estimates associated with hypothesized variables were statistically different from zero when the signs were in the directions expected. Distance had a negative relationship with the probability of cointegration estimate in all specifications-the greater the Table 1 . Results of bivariate cointegration tests for delivered southern pine sawlogs,forthe cointegrating relation specified as containing an intercept but no policy shock. Prices were undeflated prices and weretransformed by the natural logarithm. Postal abbreviation codes were used to identify states and numbers (1, 2) to identify Timber Mart-South price regions within states. distance, the greater the p-value (and hence the lower the likelihood of cointegration). Volume in the away market was positively related to the probability of cointegration, just as in the manner hypothesized by Faminow and Benson (1990) , supporting the concept of a basing-point pricing system. Here, it is more likely that a series y is cointegrated with a series from region x if region x is a large-producing region. Results on market concentration indicate that the greater the amount of industrial production concentrated in a few firms in region X, the greater the likelihood that the price from region y is cointegrated with it. Alternatively, the smaller the amount of concentration in region y, the greater the likelihood that other series are cointegrated with it. We select the best cointegration specification on the basis of overall model significance and the importance and significance of individual explanatory variables. In particular, we require that the most important variable (distance) be positive and significant. In linear cointegration specifications, this is true only for the simple model. In the logged specification, all but the PPI deflated version exhibit a positive and significant distance variable. We also consider the significance of concentration and volume variables. Here, the simple logged specification is clearly superior to other logged modelsThe simple linear model compares favorably. Not surprisingly, the simple linear and logged models also have the highest R" values.
Having determined the preferred specification, we return to the question of market identification.The relevant data set now consists of 420 p-values and their associated dependent and independent price series. Identifying cointegration can consist of specifying the correct cointegrating relation and a probability threshold. However, in this case, economic theory provides little guidance into which market corresponds to y (dependent) and which market corresponds to x (independent) in a particular cointegration test. For this reason, we evaluate both specifications. However, alternative specifications often provide contradictory results. We give each specification equal weight in the market determination process. Thus, the p-value employed in market determination for a pair of markets is the average of the p-values from two specifications. After transforming p-values in this manner, we have 210 market pairs. We limit further investigation to those pairs with average p-values less than 0.10. Limiting the data in this manner leaves 61 pairs of linked markets.
Visual inspection of the 61 remaining pairs leads to identification of 3 major and 2 minor overlapping regions in the southern pine sawlog market. The major regions are West, Central Gulf, and Southeast Atlantic. The West region includes Texas, Arkansas, Louisiana, and sometimes Mississippi and Eastern Tennessee. The Southeast Atlantic region includes Florida, South Carolina, and Georgia. Eastern Tennessee, North Carolina, and Virginia appear to be somewhat linked to the Southeast Atlantic region. However, it may also be correct to consider North Carolina and Virginia as a small, separate region (Northeast) that exhibits substantial overlap with the Southeast region. Overlap is consistent with the significant parameter estimate on the distance variable, which suggests that nearby prices are more likely to be cointegrated, other factors held constant. Finally, there is some evidence of a Southern Appalachian region. This region consists of Tennessee (region I), South Carolina (region l), North Carolina (region l), Virginia (region l), and Alabama (region 1). See Figure 1 for a diagrammatic representation of these regions.
Delivered southern pine pulpwood: After using chi-squared regressions to evaluate sawlog price cointegration specifications, we evaluate p-values arising from pulpwood cointegration tests in the same manner. The results of these tests are contained in Table 4 . Note that distance is not statistically related to the probability that the null of no cointegration could be rejected in all cases except one; in that case, where cointegration was tested with a cointegration relation specification that deflated prices and included a Pacific Northwest policy shock dummy variable, the direction of influence was counterintuitive. Delivered pulpwood logs are lower in relative worth when compared to sawlogs; thus, the broad insignifi- cance of distance across pulpwood model specifications is not surprising. It is hkely that the high relative transportation costs associated with pulpwood lessen the influence of distance on pulpwood market integration. We speculate that any distance as great as the typical distance between the centroids of two adjacent regions would provide as much of a barrier to profitable product transport as a much larger distance. Another notable factor from these regressions is the importance of "home" (the price in the dependent position of the cointegrating relation specification). It seems that concentration in the "home" market has a powerful influence on cointegration probability: the greater the concentration of output by a few firms in region y, the greater the likelihood that a comparison region's price would be cointegrated with it, providing some supporting for the market structure indicated by Murray (1995) . Other notable factors from these regressions are the high explanatory power when modeling the simple linear and logged cointegration specifications.
Because cointegration in pulpwood markets is much less dependent on distance than it is in sawlog markets, we conjecture that the price movements within each series are more closely tied to the nonstationary demand and supply shocks experienced in local markets than are the corresponding sawlog series.Additionally, given the broad, regional integration in pulpwood, it might be concluded that market pulpwood prices in the South exhibit a closer relationship to broader demand variables. This kind of integration might be caused by the relative concentration of the pulp and paper industry. A few large firms may be able to coordinate price movements and shift production around the South within the firm to adjust for local supply shocks.
Here again we select the simple logarithmic specification as the preferred version of the cointegrating regression. As with sawlogs, we define integrated mar- Figure 2 for a diagrammatic representation of these regions. The implication here is that the pulpwood log market is highly fragmented in its northern reaches and less so in its coastal areas. Coastal area prices may contain long-run relationships that are maintained not through arbitrage but through integrated output markets (e. g., pulp mills), whose various producing zones do share and transmit market shocks; in the north, even output markets are not integrated enough to hold long-run pulpwood prices together.
Conclusions
Cointegration tests provide a means for analysis of both the LOP and market integration. However, the results of such tests are heavily dependent upon correct specification of the cointegrating equation. In addition, cointegration tests can identify price linkages. However, these linkages may arise for a variety of reasons with vastly different implications. For example, price linkages arising from spatial arbitrage imply some degree of efficiency, whereas linkages arising from price collusion or only because output markets are well integrated imply quite the opposite of efficiency. In this research, we have attempted to identify the structure of Southern softwood markets. In so doing, we have learned that the best cointegrating relation specifications for these markets are ones in which prices are nominal, transformed by the natural logarithm, and include no index of structural change linked to Pacific Northwest timber set-asides. Additionally, we have identified the influence that economic variables have on market integration. Meta-analysis indicates that distance is related, in a manner consistent with theory, to the finding of cointegration for sawlog markets, but it is not for pulpwood. Hence, at least some of the similar movement in sawlog prices can be linked to spatial arbitrage or its threat, while the same cannot be said for pulpwood. Further, these regressions show that relative volumes of production and market concentration significantly explain cointegration for sawlog, but not for pulpwood. Finally, the degree of market concentration matters especially for pulpwood, but its direction of influence on findings in favor of cointegration and the LOP is somewhat ambiguous.
Given these results, it is clear that markets and factors influencing markets are quite different for sawlogs and pulpwood. Perhaps consistent with this difference is that the spatial structure of these two commodity markets is different as well. These findings carry with them additional implications and therefore suggest avenues for further research.
First, given that sawtimber and pulpwood may be supply complements in the short run (pulpwood logs derive from sawtimber harvests) and substitutes in the long run (landowners can harvest either pulpwood on short rotations or sawtimber and pulpwood on longer rotations), the statistical relationships between them are likely to bc complicated. Statistical studies that clarify understanding of their co-relationships, however, could yield major benefits to southern pine growers in the South, who need to predict long-run price trends of both products in order to make optimal investment and harvest decisions.
Second, our results on the kind of spatial arrangement of southern pine sawlog and pulpwood markets suggest that more precise timber inventory and market prqjection models (e.g., SRTS) may be possible, and these models would do a better job at evaluating the effects of local market shocks. Our results imply that local supply and demand shocks in sawlog markets are transmitted within the boundaries of our delineated "sub-markets" but not beyond those boundaries. Given that, natural catastrophes with concentrated regions of damage should affect prices throughout sub-markets but not beyond their boundaries. In contrast, shocks to local pulpwood supplies should not be spatially transmitted because pulpwood prices are more influenced by demand factors that shift in a coordinated fashion across the whole of the South, keeping prices together in the long run. However, shocks to pulp and paper markets may filter down quite easily across all coastal regions of the South but have uneven effects in other parts. Specific case studies, including more tests of market shock imprints like the one conducted by Prestemon and Holmes (2000) , could include more direct tests of the existence of the sawlog and pulpwood log sub-markets delineated here. 
